Abstract In May 2015, we organized the Sixth International Automated Negotiating Agents Competition (ANAC 2015) in conjunction with AAMAS 2015. ANAC is an international competition that challenges researchers to develop a successful automated negotiator for scenarios where there is incomplete information about the opponent. One of the goals of this competition is to help steer the research in the area of multi-issue negotiations, and to encourage the design of generic negotiating agents that are able to operate in a variety of scenarios. 24 teams from 9 different institutes competed in ANAC 2015. This chapter describes the participating agents and the setup of the tournament, including the different negotiation scenarios that were used in the competition. We report on the results of the qualifying and final round of the tournament.
Introduction
Success in developing an automated agent with negotiation capabilities has great advantages and implications. In order to help focus research on proficiently negotiating automated agents, we have organized the automated negotiating agents competition (ANAC). The results of the different implementations are difficult to compare, as various setups are used for experiments in ad hoc negotiation environments [6] . An additional goal of ANAC is to build a community in which work on negotiating agents can be compared by standardized negotiation benchmarks to evaluate the performance of both new and existing agents. Recently, the analysis of ANAC becomes important fields of automated negotiations in multi-agent systems [1] .
In designing proficient negotiating agents, standard game-theoretic approaches cannot be directly applied. Game theory models assume complete information settings and perfect rationality [8, 9] . However, human behavior is diverse and cannot be captured by a monolithic model. Humans tend to make mistakes, and they are affected by cognitive, social and cultural factors [7] . A means of overcoming these limitations is to use heuristic approaches to design negotiating agents. When negotiating agents are designed using a heuristic method, we need an extensive evaluation, typically through simulations and empirical analysis.
We employ an environment that allows us to evaluate agents in a negotiation competition: Genius [6] , a General Environment for Negotiation with Intelligent multi-purpose Usage Simulation. Genius helps facilitating the design and evaluation of automated negotiators' strategies. It allows easy development and integration of existing negotiating agents, and can be used to simulate individual negotiation sessions, as well as tournaments between negotiating agents in various negotiation scenarios. The design of general automated agents that can negotiate proficiently is a challenging task, as the designer must consider different possible environments and constraints. Genius can assist in this task, by allowing the specification of different negotiation domains and preference profiles by means of a graphical user interface. It can be used to train human negotiators by means of negotiations against automated agents or other people. Furthermore, it can be used to teach the design of generic automated negotiating agents.
The First Automated Negotiating Agents Competition (ANAC 2010) was held in May 2010, with the finals being run during the AAMAS 2010 conference. Seven teams had participated and three domains were used. AgentK generated by the Nagoya Institute of Technology team won the ANAC 2010 [2] . The Second Automated Negotiating Agents Competition (ANAC 2011) was held in May 2011, with the AAMAS 2011 conference. 18 teams had participated and eight domains were used. The new feature of ANAC 2011 was the discount factor. HardHeaded generated by the Delft University of Technology won the ANAC 2011 [3] . The Third Automated Negotiating Agents Competition (ANAC 2012) was held in May 2012, with the AAMAS 2012 conference. 17 teams had participated and 24 domains were used. The new feature of ANAC 2012 was the reservation value. CUHKAgent generated by the Chinese University of Hong Kong won the ANAC 2012 [10] AgentM generated by Nagoya Institute of Technology won the ANAC 2014 [4] .
ANAC organizers have been employing some of the new feature every year to develop the ANAC competition and the automated negotiations communities. The challenge of ANAC 2015 is to reach an agreement while negotiating with two opponents at the same time. In addition,the utility functions are linear again, as they were in ANAC 2010-2013. The multi-player protocol is a simple extension of the bilateral alternating offers protocol, called the Stacked Alternating Offers Protocol for Multi-Lateral Negotiation (SAOP).
The timeline of ANAC 2015 is mainly consisted by two parts: Qualifying Round and Final Round. First, the qualifying round was played in order to select the finalists from 24 agents by considering the individual utility and the nash product. In the qualifying round, 24 agents was divided into four groups (pools) randomly, and the best two agents of those pools proceed to the final in each category. After that, the final round was played among 8 agents in two categories, which won the qualifying round. The domains and preference profiles in the qualifying and final rounds were 10 domains generated by the organizers. The entire matches played among 8 agents in each category, and the ranking of ANAC 2015 is decided.
The remainder of this chapter is organized as follows. Section 2 provides an overview over the design choices for ANAC, including the model of negotiation, tournament platform and evaluation criteria. In Sect. 3, we present the setup of ANAC 2015 followed by Sect. 4 that layouts the results of competition. Finally, Sect. 5 outlines our conclusions and our plans for future competitions.
Setup of ANAC 2015

Negotiation Model
Given the goals outlined in the introduction, in this section we introduce the setup and negotiation protocol used in ANAC. The interaction between negotiating parties is regulated by a negotiation protocol that defines the rules of how and when proposals can be exchanged. The parties negotiate over a set of issues, and every issue has an associated range of alternatives or values. A negotiation outcome consists of a mapping of every issue to a value, and the set, Ω of all possible outcomes is called the negotiation domain. The domain is common knowledge to the negotiating parties and stays fixed during a single negotiation session. In addition to the domain, both parties also have privately-known preferences described by their preference profiles over Ω. These preferences are modeled using a utility function U that maps a possible outcomes ω ∈ Ω to a real-valued number in the range [0, 1]. In ANAC 2015, the utilities are linearly additive. That is, the overall utility consists of a weighted sum of the utility for each individual issue. While the domain (i.e. the set of outcomes) is common knowledge, the preference profile of each player is private information. This means that each player has only access to its own utility function, and does not know the preferences of its opponent. 1 Moreover, we use the term scenario to refer to the domain and the pair of preference profiles (for each agent) combined.
Finally, we supplement it with a deadline, reservation value and discount factors. The reasons for doing so are both pragmatic and to make the competition more interesting from a theoretical perspective. In addition, as opposed to having a fixed number of rounds, both the discount factor are measured in real time. In particular, it introduces yet another factor of uncertainty since it is now unclear how many negotiation rounds there will be, and how much time an opponent requires to compute a counter offer. In ANAC 2015, the discount factors and reservation value depend on the scenario, but the deadline is set to three minutes. The implementation of discount factors in ANAC 2015 is as follows:
A negotiation lasts a predefined time in seconds(deadline). The timeline is normalized, i.e.: time t ∈ [0, 1], where t = 0 represents the start of the negotiation and t = 1 represents the deadline. When agents can make agreements in the deadline, the individual utilities of each agent are the reservation value. Apart from a deadline, a scenario may also feature discount factors. Discount factors decrease the utility of the bids under negotiation as time passes. Let d in [0, 1] be the discount factor. Let t in [0, 1] be the current normalized time, as defined by the timeline. We compute the discounted utility U t D of an outcome ω from the undiscounted utility function U as follows:
At t = 1, the original utility is multiplied by the discount factor. Furthermore, if d = 1, the utility is not affected by time, and such a scenario is considered to be undiscounted.
In the competition, we use the Stacked Alternating Offers Protocol for MultiLateral Negotiation (SAOP) as the new feature, in which the negotiating parties exchange offers in turns. All of the participants around the table get a turn per round; turns are taken clock-wise around the table. The first party starts the negotiation with an offer that is observed by all others immediately. Whenever an offer is made the next party in line can take the following actions:
• Make a counter offer (thus rejecting and overriding the previous offer)
• Accept the offer • Walk away (e.g. ending the negotiation without any agreement) This process is repeated in a turn taking clock-wise fashion until reaching an agreement or reaching the deadline. To reach an agreement, all parties should accept the offer. If at the deadline no agreement has been reached, the negotiation fails. The details of SAOP is written in the next chapter. [6] . Genius is a research tool for automated multi-issue negotiation, that facilitates the design and evaluation of automated negotiators' strategies. It also provides an easily accessible framework to develop negotiating agents via a public API. This setup makes it straightforward to implement an agent and to focus on the development of strategies that work in a general environment.
Running the Tournament
Genius incorporates several mechanisms that aim to support the design of a general automated negotiator. The first mechanism is an analytical toolbox, which provides a variety of tools to analyse the performance of agents, the outcome of the negotiation and its dynamics. The second mechanism is a repository of domains and utility functions. Lastly, it also comprises repositories of automated negotiators. In addition, Genius enables the evaluation of different strategies used by automated agents that were designed using the tool. This is an important contribution as it allows researchers to empirically and objectively compare their agents with others in different domains and settings.
The timeline of ANAC 2015 consists of two phases: the qualifying round and the final round. The domains and preference profiles used during the competition are not known in advance and were designed by the organizers. An agent's success is measured using the evaluation metric in all negotiations of the tournament for which it is scheduled.
First, a qualifying round was played in order to select the finalists from the 24 agents that were submitted by the participating teams. Since there were too many agents, in the different domains, a whole tournament in the qualifying round is impossible. Therefore, 24 agents was divided to four groups (pools) randomly, and the best two agents in nash product and individual utility in each pool proceed to the final round. It took two weeks to finish the all pools of the qualifying round. In ANAC-2015, we didn't allow the updating agents between the qualifying round and the final round.
The final round was played among the the agents that achieved the best scores (individual utility and nash product) in each pool during qualifying. We prepared two categories in the final round of ANAC 2015: Individual utility category and nash product categories. The domains and preference profiles are same as the qualifying round. The entire matches played among agents, and the final ranking of ANAC 2015 was decided. To reduce the effect of variation in the results, the final score calculates the average of the five trials.
Competition Domains and Agents
Scenario Descriptions
The ANAC is aimed towards modeling multi-issue negotiations in uncertain, open environments, in which agents do not know what the preference profile of the opponent is. The various characteristics of a negotiation scenario such as size, number of issues, opposition, discount factor and reservation value can have a great influence on the negotiation outcome. Therefore, we generated ten types of domains and profiles in the competition. Especially, in the qualifying round and final round, we used all 10 scenarios with different discount factors and reservation values and profiles. In other words, they have vary in terms of the number of issues, the number of possible proposals, the opposition of the preference profiles (see Table 1 ). The 3d negotiation space plotting in each domain are represented graphically in Fig. 1 . Table 2 shows the all participants in ANAC 2015.
Finalists are the winners of the qualifying round. In the rest of this book, we provide chapters of the individual strategies of the ANAC2015 finalists.
Competition Results
We describe the results of the qualifying and final rounds.
Qualifying Round
First, a qualifying round was played in order to select the finalists from the 24 agents that were submitted by the participating teams. 24 agents was divided to four groups (pools) randomly, and the best two agents in nash product and individual utility in each pool proceeded to the final round in each category. Each tournament wasn't repeated to prohibit the learning from the previous tournaments.
In order to complete such an extensive set of tournaments within a limited time frame, we used five high-spec computers, made available by Nagoya Institute of Technology and Tokyo University of Agriculture and Technology. Specifically, each of these machines contained an Intel Core i7 CPU, at least 16GB of DDR3 memory, and a hard drive with at least 2TB of capacity. Figures 2, 3, 4 and 5 show the results of each agent in the qualifying round (pool1, pool2, pool3 and pool4). The finalists are selected from all pools by considering the individual utilities and nash products. The individual utility means the average of utility of the individual agent in the tournaments. The nash products means the average of the product of utilities of three agents in the tournaments. As figures showing, the best two agents in each pool are selected by considering the individual utility and nash product. As a results, agentBuyog and PokerFace are selected as finalists from the pool1; Atlas3 and XianFaAgent are selected as finalists from pool2; ParsAgent and kawaii are selected as finalists from pool3; RandomDance and PhonexParty are selected as finalists from pool4 in the individual category. Also, agentBuyog and Mercury are selected as finalists from the pool1; Atlas3 and AgentX are selected as finalists from pool2; CUHKAgent and Jonny Black are selected as finalists from pool3; RandomDance and AgentH are selected as finalists from pool4 in the nash product category. 
Final Round
It is notable that Atlas3 was the clear winner of the both categories (see Tables 3 and 4) . However, the differences in utilities between many of the ranked strategies are small, so several of the agents were decided the ranking by a small margin. Finally, the first places in the individual utility and nash product categories were awarded to Atlas3 ($450); The second place in the individual category was awarded to the ParsAgent ($150); The second place in the nash product was awarded awarded to Mercury ($175); The third place in the individual category was awarded to RandomDance ($100); The third place in the nash product was awarded awarded to JonnyBlack ($125).
Conclusion
This chapter describes the Sixth automated negotiating agents competition (ANAC2015). Based on the process, the submissions and the closing session of the competition we believe that our aim has been accomplished. Recall that we set out for this competition in order to steer the research in the area multi-issue closed negotiation. 24 teams have participated in the competition and we hope that many more will participate in the following competitions. ANAC also has an impact on the development of Genius. We have released a new, public build of Genius 2 containing all relevant aspects of ANAC. In particular, this includes all domains, preference profiles and agents that were used in the competition. This will make the complete setup of ANAC available to the negotiation research community. Not only have we learnt from the strategy concepts introduced in ANAC, we have also gained understanding in the correct setup of a negotiation competition. The joint discussion with the teams gives great insights into the organizing side of the competition.
To summarize, the agents developed for ANAC will proceed the next step towards creating autonomous bargaining agents for real negotiation problems. We plan to organize the next ANAC in conjunction with the next AAMAS conference.
